Selective inhibition of PDGFR by imatinib elicits the sustained activation of ERK and downstream receptor signaling in malignant glioma cells.
Clinical studies using the tyrosine kinase inhibitor, imatinib mesylate (Gleevec®), in glioblastoma, have shown no major inhibition of tumor growth or extension of survival for patients, unlike those in chronic myeloid leukemia (CML) and gastrointestinal stromal tumors. The molecular mechanisms of action of imatinib in glioblastoma cells are still not well understood. In this study, we investigated the effects of imatinib on the platelet derived growth factor receptor (PDGFR) downstream signaling pathways as well as on other cellular functions in human glioblastoma cells. NIH3T3 fibroblast and K562 CML cells were used for comparison. Western blot analysis demonstrated that imatinib was more effective in inhibiting the activated rather than the quiescent forms of the target proteins. Furthermore, the imatinib treatment induced the sustained activation of extracellular signal-regulated kinase (ERK 1/2) signaling as well as components of other downstream signaling pathways, such as PI3K/Akt, STAT3 and p38MAPK. Prior stimulation of the malignant cells with exogenous PDGF-BB partially abrogated this activation. Further analysis indicated that the activation of ERK induced by the imatinib treatment was related to the S-phase re-entry of the cell cycle in one of the three glioma cells. Imatinib significantly inhibited cell migration but not cell growth. The combination treatment of imatinib with a MEK or PI3K inhibitor resulted in significant growth inhibition but did not inhibit cell migration beyond the inhibition achieved with the imatinib treatment alone. The treatment of glioma cells with small interfering RNA inhibiting PDGFRB, however, evoked enhanced Akt signaling. These results indicate that the imatinib treatment of malignant glioma does not result in significant inhibitory effects and should be used with caution.